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Abstract  Biological invasions are intertwined with 
social practices since they stem from human activities 
and behaviours. Hence, social, political and histori-
cal contexts are critical to inform effective actions for 
the management of invasive alien species (IAS). We 
argue that an IAS risk analysis which considers and 
includes the social dimensions can foster the appli-
cation of measures and research across scales. Thus, 
this systematic literature review examines the trends 
of social dimension in IAS studies and investigates 
their potential to inform the risk analysis components. 
We analysed 378 publications on IAS incorporating 

social dimensions (197 peer-reviewed and 181 media 
articles) to understand their potential to inform three 
key risk analysis components, i.e., risk assessment, 
risk management, and risk communication. The 
review reveals a growing trend in the inclusion of the 
social dimensions in IAS research, as well as une-
ven geographical distribution of the study areas and 
research institutes. However, more studies integrat-
ing social dimensions across the three components 
of risk analysis are needed. Especially in the risk 
assessment stage, social or community-level interac-
tions lack solid establishment. This has led to a lim-
ited number of scientifically documented papers that 
combine risk analysis and primary interactions at the 
social community level. Social actors’ involvement 
in IAS risk analysis varies, with managers, scientists, 
citizens, and professional nature users being the most 
frequent participants. Furthermore, the methods used 
and the data collected differ across the components. 
The study shows the challenges and the potential of 
the existing body of literature to contribute to the IAS 
risk assessment. In particular, the increase of pub-
lic awareness and the involvement of different social 
groups, including often underrepresented groups such 
as women, indigenous communities, and low-income 
people, in risk analysis and management deliberation 
can lead to better outcomes. This inclusion is crucial 
for addressing differing concerns and fostering trust 
between stakeholders and managers.
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Introduction

Social dimensions are crucial for understanding bio-
logical invasions. In fact, invasive alien species (IAS) 
are, by definition, a human activities-related problem, 
threatening biodiversity, the economy, and human 
health (IAS regulation- Regulation (EU) 1143/2014, 
Roy et  al. 2023). Furthermore, human activities are 
central to their introduction, spread, and manage-
ment (Pyšek et  al. 2020; Shackleton et  al. 2019). 
Social dimensions include social relationships, social 
communities, cultures, traditions, beliefs, and val-
ues, which are essential to understand IAS as a chal-
lenge (Jarić et  al. 2025, Table 1). Yet, these aspects 
have often been overlooked in the assessment of IAS 
threats and management strategies (Shackleton et al. 
2019).

Since the early 2000s, risk analysis has proven 
effective in supporting biosecurity measures to 
prevent the introduction and facilitate the eradi-
cation and control of IAS (Stohlgren & Schnase 
2006; Moshobane et  al. 2019; Vilizzi et  al. 2021). 

Risk analysis is a systematic process that encom-
passes three successive components: risk assess-
ment, risk management, and risk communication 
(Liu et  al. 2011a, b, c; Kumschick et  al. 2020), as 
exemplified by the ‘Risk Analysis for Alien Taxa’ 
(RAAT) framework (Kumschick et  al. 2020). Each 
component focuses on a specific aspect of IAS risk 
evaluation and may be approached differently by 
risk assessors while maintaining the same structure. 
During risk assessment, information on the arrival, 
establishment, and spread of IAS is gathered to esti-
mate invasion potential and the scale of negative 
impacts (cf. IAS Regulation). In the risk manage-
ment step, all potential management and regulatory 
measures are assessed, while in risk communication 
the results are disseminated to provide recommen-
dations, foster scientific debate, and enable a fol-
lowing reassessment (Kumschick et al. 2020).

The integration of social dimensions varies 
across the risk analysis components, reflecting dif-
ferent contexts, respectively aiming to: (i) prevent 
IAS arrival and providea rapid response, (ii) detect 
and track IAS spread, and (iii) raise public aware-
ness and education.

Human-mediated pathways, such as trade and 
tourism, as well as unintentional pathways, such 
as contaminated equipment, are considered when 

Table 1   Definition and examples of social dimensions, factors, aspects, groups, and implications related to IAS

Term Definition Examples

Social dimensions Structures and processes such as values, behaviours, 
cultural practices, and governance systems that 
shape and respond to the dynamics of invasive 
species

Human-nature relationships, collective memory, cul-
tural identity, societal knowledge and awareness

Social factors Elements that influence human behaviour and 
decision-making related to invasive species, includ-
ing societal knowledge and awareness, intra-cultural 
differences, sociocultural background, and values 
ascribed to the species

Influence on individual behaviour of cultural practices, 
traditional livelihoods, economic benefits, governance 
systems, policies, and regulations

Social aspects Components of societies (including institutions and 
norms) that interact with invasive species, including 
cultural, economic, and governance aspects

Cultural practices, traditional livelihoods, economic 
benefits, governance systems, policies, and regula-
tions

Social actors Distinct groups of people with shared characteristics, 
interests, or values that interact with invasive spe-
cies, such as Indigenous Peoples, small-holders, and 
traditional knowledge holders

Recreational users, commercial operators, conservation-
ists

Social implications Consequences of invasive species on human well-
being, livelihoods, and cultural heritage, such as 
impacts on food security, human health, economic 
development, and cultural identity

Impacts on local communities, indigenous cultures, and 
socioeconomic systems
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assessing the likelihood of IAS entry (i.e. risk 
assessment) (Kumschick et al. 2020), thus incorpo-
rating social aspects.

When an IAS establishes in a new area, the evalu-
ation of management options, including the devel-
opment of plans, financial resource assessment, and 
prioritization of interventions (i.e. risk management), 
must consider the social perception and benefits of 
IAS (Wilson et  al. 2017; Kumschick et  al. 2020). 
However, the inclusion of benefits is influenced by 
stakeholders’ agendas and decision-makers’ priorities 
(Kumschick et al. 2012; Woodford et al. 2017).

Finally, risk communication conveys findings to 
stakeholders, helping them adapt to changing circum-
stances (Kumschick et al. 2020).

Over the last decade, the social dimensions of 
IAS invasions have gained attention for their role in 
understanding and managing biological invasions 
(Head et  al. 2015; Estévez et  al. 2015; Kueffer and 
Kull 2017; Bacher et  al. 2018; Kapitza et  al. 2019). 
However, traditional approaches to address the social 
implications of IAS management have been criticized 
for their lack of effectiveness and democratic legiti-
macy, due to the frequent use of top-down approaches 
and the affected communities’ exclusion from partici-
pation (Crowley et al. 2017).

This calls for more deliberative, participatory 
approaches that incorporate social actors in risk 
assessments for a more contextual and holistic under-
standing of the IAS problems and implement socially 
acceptable and effective measures. Such approaches 
can identify further risks, that are not apparent 
through technical analysis alone, thus ensuring equity 
by including the perspectives of marginalized and 
underprivileged groups, while enhancing the effec-
tiveness of management strategies by aligning them 
with social actors’ needs and concerns (Graham et al. 
2019), considering social and cultural acceptability 
of the measures to be taken. Hence, a common and 
shared understanding of how social dimension is 
or can be included into risk analysis is still needed; 
involving social groups in risk analysis can guarantee 
public support and increase the likelihood of success-
ful management.

If public engagement is lacking, opposition to 
management actions can arise, as shown e.g. by the 
halted eradication of the American grey squirrel in 
Italy (Bertolino and Genovesi 2003) and by the UK 
Ruddy duck management challenges (Rotherham and 

Lambert 2012). Conversely, stakeholder participation 
can lead to successful outcomes, as seen in New Zea-
land marine IAS pathway management plan (Cun-
ningham 2019).

The primary aim of this review is to analyse the 
existing evidence on the integration of the social 
dimensions of IAS in the reviewed literature and 
examine how they could inform the risk analysis 
components.

Our specific objectives were to (1) examine trends 
of social dimensions in IAS studies, and (2) investi-
gate aspects of social dimensions that could support 
risk analysis components.

Particularly to address the second objective, our 
systematic literature review considers studies within 
and beyond formal risk analysis procedures. In fact, 
regardless of the presence of a risk framework in 
the original study, all the articles have been reclas-
sified into at least one of three components of IAS 
risk analysis framework. This has been done to make 
explicit the potential of the existing body of literature 
targeting the social dimension of IAS in supporting 
all the phases of risk analysis, and thus biosecurity 
measures.

Methods

General approach

The review focuses on peer-reviewed articles pub-
lished in international and national scientific jour-
nals and studies from national reports. Grey literature 
and online media, e.g. news, short online stories and 
local planning documents, are also part of this review. 
Grey literature was considered to provide firsthand 
accounts that may not be published in traditional aca-
demic sources.

Articles on peer-reviewed journals in English were 
considered up to the 24th of April 2024. Protocol 
PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta Analyses) (Page et  al 2021) was 
used for our systematic review on peer-reviewed, grey 
and online data sources. The flow diagram present-
ing the key steps of the methodology and the selec-
tion process is shown in Fig. 1. The paper selection 
was performed in two main steps: abstract and full-
text screenings (Steps 2 and 3 in Fig. 1). After key-
words identification and publication search (Step 1), 
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screening of selected papers (Step 2), screening of 
reports selected for retrieval and assessed for eligibil-
ity (Step 3), the sample of 197 scientific papers pub-
lished between 2001 and 2024 were included in the 
review (Step 4) (Supplementary File S2).

For online and grey literature records, a total of 
181 media articles were retained after removal of 
duplicates, non-working online pages (i.e. accessible 
and secure online sources, e.g. those having a valid 
Hypertext Transfert Protocol (HTTP)), and the eligi-
bility check (Figure S1, Supplementary Files S1, S3).

Data sources and review steps

Articles relevant to our study were identified in sci-
entific journals by using keyword searches in Sco-
pus and Web of Science databases (Supplementary 
File S1, Table S1). Research strings were developed 
using different combinations of words and Boolean 
operators to maximize the number of results and were 
adapted to each database (Table S1).

For undertaking Step 2, a study had to meet the 
following criteria: (1) the abstract, title or paper key-
words must include any of the keywords: “social per-
ception”, “social science”, “citizens”, “participatory”, 

“public”, “human”, “biosecurity”, “invasive species”, 
“alien species” (2) the paper focuses on, or suggests 
and provides evidence for incorporating the social 
dimension into the analysis of IAS risks.

For Step 3, the full-text of papers identified in Step 
2 was screened and reviewed. Literature results were 
checked for duplicates and title-abstract screening 
was performed using the “metagear” package (Lajeu-
nesse 2016) in R software (version 4.0.3) (Team 
2020), according to the inclusion/exclusion criteria 
described above.

Online media and grey literature were retrieved 
using the Europe Media Monitor (EMM) which is a 
technology developed at the Joint Research Centre 
(JRC) of the European Commission to extract infor-
mation from selected websites (e.g. national newspa-
pers, scientific journal websites etc.). The EMM mon-
itors routinely 17,000 web sites and processes about 
450,000 publicly available pages every day in 80 
languages. EMM enables research into multilingual 
natural language processing. The tool is accessible to 
European Commission officers only. For the scope of 
this research, online media was searched from 2014 
(when EMM started) (Supplementary File S1, News-
Brief). The same English searching keywords used 

Fig. 1   PRISMA flow diagram showing the steps of the systematic review
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in the literature review (Section Data Sources) were 
translated into English, Spanish, Italian, French, and 
Portuguese.

Considering the differences of output types 
between the two searches, data collected through Sco-
pus and Web of Science databases, and EMM were 
analysed separately.

Data extraction

In line with the set objectives, the information from 
the full-text publications reviewed included: publi-
cation characteristics, paper research focus, invasive 
species concerned, social groups involved, methods 
of social involvement and type of information gath-
ered in the study (Step 4). For online media records 
identified through EMM, articles were categorised 
according to the three components of risk analysis 
by identifying characteristics and features that inform 
the risk context. To aid distinguishing the three risk 
analysis contexts during the review process, defini-
tions from the Risk Analysis for Alien Taxa (RAAT; 
Kumschick et al. 2020) were used.

The data extracted from the review were organised 
into categories (Table 2, Supplementary File S2). Six 
categories related to publication details (objective 
1): article Digital Object Identifier (DOI), journal 
title, publication year, authorship, institutional affilia-
tions, journal classification, country, and spatial scale 
(Table 2). Two categories related to IAS characteris-
tics (objective 1): habitat and taxonomic classifica-
tion (Table 2). The data collection was encoded into 
six categories (objective 2): economic factors, and 
perceptions and behaviours (attitudes, perceptions, 
values, preferences) concerning the arrival, establish-
ment, and spread of IAS, IAS knowledge, recorded 
IAS occurrences, and other relevant information 
(Table  2, Supplementary File S1). Subsequent cod-
ing focused on social actors and components of risk 
analysis (objective 2). The term ‘social actors’ was 
chosen over ‘stakeholders’ to highlight the emphasis 
on values and behaviours in relation to IAS, beyond 
economic dimensions. Information was collected on 
the groups involved in the studies (e.g., citizens, rec-
reational nature users, professional nature users, sci-
entists, experts, etc.) and the methods through which 
they were integrated into any stage of the risk analy-
sis (Table 2) (objective 2).

To analyse trends in the social dimensions of IAS 
studies, the spatial scale of the studies was used to clus-
ter the papers into three groups (objective 1): "EU" 
for studies within the European Union, including out-
ermost regions but excluding Russia, "Non-EU" for 
studies in those areas that are geographically European 
regions but not European Union (i.e., Serbia, Turkey, 
Albania, etc.…), and "global" for studies with location 
outside the EU and Non-EU regions (i.e., Australia, 
USA). By categorizing studies into these groups, we 
aimed to explore potential regional patterns and dif-
ferences in IAS research, with particular focus on the 
European context. The distinction between EU and 
Non- EU was made to account for the research priori-
ties of the European Union, allowing for a better under-
standing of research trends in this geographical area.

Finally, a cluster analysis was conducted using the 
hclust() function from the “stats” package in R software 
(version 4.0.3) (Team 2020), to identify co-occurrences 
of institutional affiliations in the papers and similarities 
in affiliation profiles (objective 1) which could indicate 
collaborative networks or research hotspots.

In the following paragraphs, in line with the two 
objectives of this review, we present an overview of 
how social dimensions are addressed in literature, par-
ticularly considering study area, discipline of the jour-
nal in which the research has been published, the envi-
ronment and the taxa addressed. In the second part of 
the analysis, the studies are reclassified according to the 
three categories of risk analysis (risk assessment, risk 
management and risk communication) to understand 
what social actors, data, and methods are analysed in 
studies on IAS that incorporated the social dimension. 
One of the aims of reclassifying the articles has been 
to understand whether social actors, data and methods 
currently used in literature may differ according to the 
risk analysis phase considered in the studies.

In the subsequent discussion the contribution of 
the social dimension to the reviewed IAS studies and 
to risk analysis has been addressed before drawing the 
conclusions.

Results

Social dimensions in IAS studies

In our sample of 197 articles, the first research incor-
porating the social dimension into invasion science 
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was published in 2001 (Johnson et  al. 2001) when 
recreational boaters were interviewed about their 
behaviour to assist a risk assessment for zebra mus-
sel (Dreissena polymorpha) dispersal in the Lake 
St Clair (Michigan, USA). Between 2001 and 2005, 
less than one study incorporating social dimension 
was published globally per year (Fig. 2). Thereafter, 
the number of publications increased over the years, 
with faster growth in some years (e.g. 2011 and 
2019) (Fig.  2). Studies were undertaken in specific 
locations at national scale, with most reviews focus-
ing on global regions, that showed a general upward 
trend from 2001 to 2023 (Fig. 2). The studies in EU 
countries increased over time starting from 2006 
(Fig. 2). The first study in the EU examining the per-
ception of IAS and other environmental problems on 
the islands of Mallorca, Sardinia, and Crete (Bards-
ley and Edwards-Jones 2007). In online media, half 
of the articles examined focus on the context of risk 
management across countries, followed by risk com-
munication (59) and risk assessment (32) (Figure S2). 
Articles with information relevant to risk assessment 
were reported in 13 out of 32 countries (Figure S2). 
The United States had the highest number of articles 
(43) addressing all three components of risk analysis, 
followed by Spain, Italy, and the United Kingdom 
(Figure S2).

The cluster analysis of co-occurring affiliations 
in the reviewed papers revealed the structure of the 
affiliation network and the characteristics of each 
cluster (Table  S2). Out of the top 10 institutions 
with a weighted frequency ≥ 12 (Table S2), only one 
is in Europe, i.e. the University of Exeter, while the 
majority are situated outside Europe, primarily in the 
USA (e.g., Colorado State University, State Univer-
sity System of Florida) and Australia (e.g., Common-
wealth Scientific & Industrial Research Organisation 
(CSIRO), University of Adelaide). To this end, the 
cross-tabular results (Table S3) show that while Euro-
pean authors conduct the majority of their research 
within the EU (i.e. 202 studies, Table  S3). There is 
also a significant global presence in research studies, 
particularly from authors in North America (i.e. 222 
studies, Table S3) and Oceania (i.e. 21 studies within 
EU and 92 global, Table S3).

The 197 reviewed articles were primarily pub-
lished in journals with a focus on social science dis-
ciplines (59%, Figure  S3). Specifically, this repre-
sents 52% of the publications from the EU, 42% from Ta
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Non-EU regions, and 59% of global publications 
(Figure  S3). Additionally, 24% of the articles were 
multidisciplinary (e.g. 24% of EU publications, 26% 
from Non-EU, and 23% on a Global scale). Less than 
5% of studies were published in health sciences jour-
nals, focusing e.g. on management and control strate-
gies for the Tiger mosquito, Aedes albopictus, (Cerri 
et  al. 2024) on the level of awareness of ticks in a 
South Australian rural community, i.e. Amblyomma 
triguttatum triguttatum (Waudby et al. 2008).

Studies published in social sciences journals are 
linked to the social and human aspects of IAS man-
agement, in particular highlighting: (i) public aware-
ness and perceptions (Rodriguez-Rey et  al. 2022), 
(ii) human-nature relationship and values (Straka 
et al. 2022), (iii) stakeholder engagement and partic-
ipation (Williams et  al. 2019), and (iv) case studies 
and regional focus (Poudyal et al. 2016; Savva et al. 
2024).

Forty-nine percent of the studies focused on terres-
trial environments, while 17% examined freshwater 
ecosystems, 12% investigated marine IAS, and 22% 
did not specify an environment (Figure  S4a, Supp. 
File S1).

Plants and invertebrates were the most common 
IAS taxa in the articles, 26% and 20% respectively, 
plants being the most frequent group in terrestrial 
ecosystems, while invertebrates and fish species were 
more represented across freshwater and marine habi-
tats (Fig. 3). Amphibians, algae, fungi and other taxa 
were mentioned occasionally, altogether in less than 
10% of the studies. 17% of studies included unspeci-
fied taxa (Figure S4b, Supp. File S1).

Social dimension supporting risk analysis

To address Objective 2,

Fig. 2   Number of publications over time grouped by spatial 
extent of the study area in EU (within the European Union), 
Non- EU (areas that are geographically European regions but 

not part of the European Union) and Global (area outside EU 
and Non-EU regions)
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this review identified several aspects of the social 
dimension: social groups involved in IAS studies, 
each with distinct purposes and objectives for data 
collection (Table 3).

Who is involved?

Overall, managers, scientists, citizens, and profes-
sional nature users, were the most frequent actors 
across studies while other groups, such as recrea-
tional nature users and NGOs, have a minor role 
(Fig. 4).

Citizens ranked amongst the most frequently 
involved group in the context of risk communica-
tion (34%), and similarly in risk management (24%) 
(Fig. 4). Managers also ranked high, especially in risk 
management (27%) and risk communication (23%) 
(Fig.  4). Scientists and experts were engaged in the 
context of risk assessment, participating in 30% of 
the studies, and also played a substantial role in risk 
communication (15%) and risk management (14%) 
(Fig.  4). On the contrary, the involvement of NGOs 
and recreational nature users was low across the 
components of risk analysis, suggesting a perception 
of these groups as less integrated in the studies that 
include a social dimension studying IAS risks. Nature 
professional users had some level of involvement in 
risk communication, at 16%, and in risk management, 
with a 13% participation rate (Fig. 4).

What data is collected?

The radar chart (Fig. 5) displays data on the social 
dimension and IAS collected in the three stages of 
risk analysis (Objective 2). Overall, “Perceptions & 
Behaviours”, and “Knowledge” are consistently rep-
resented across all three stages (Fig.  5). The most 
collected data is from the “Perceptions & Behav-
iours” category, followed closely by “Knowledge” 
(Fig. 5). In the risk assessment stage (Fig. 5a), “IAS 
occurrences” and “Perceptions & Behaviours” cat-
egories receive significant attention. In contrast, the 
risk management stage (Fig.  5b) and risk commu-
nication stage (Fig.  5c) place greater emphasis on 
"Perceptions & Behaviours”.

Information on “Perceptions & Behaviours” and 
“Knowledge” is collected across most social actors, 
especially for NGOs, Recreational nature users and 
Citizens, groups providing a strong understanding 
on IAS (Figure  S5). On the contrary, IAS occur-
rences are of relevance to scientists and experts and 
NGOs, possibly due to their professional involve-
ment in data collection (Figure S5).

Finally, the prevalence of “Perceptions & Behav-
iours” (fundamental topics of social sciences) with 
respect to the presence of IAS occurrences and eco-
nomic data might be related to the prevalence of 
papers published in social science journals, which 
are the absolute majority of the studies reviewed 
(59%).

Fig. 3   Heatmap of the rela-
tionship between Habitats 
and Taxa in the 197 studies. 
Colour intensifies from grey 
to red with the frequency of 
publications of a taxon in 
a certain habitat. Numbers 
indicate the number of 
publications
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How are data collected?

Social engagement methods varied across studies 
(Fig. 6). All eight methods identified in the review 

(i.e., questionnaires, interviews, participation work-
shops, public comments, campaign events, public 
datasets, media, and other) were used in the studies 

Table 3   Overview of the social dimension categories extracted from the review

Social dimension Description Examples

Social actors Citizens E.g., local community, indigenous groups, lay persons
Recreational nature users and consumers Nature users and tourists, recreational fishers, park 

visitors, pet owners, aquarium hobbyists and domestic 
gardeners

Professional nature users Professionals and representatives of sectors/ industries 
such as agriculture, aquaculture, fishing, industries 
unions and associations, business owners, landowners, 
public zoos and aquaria

Scientists and experts Natural and social scientists, including academics and 
researchers as well as other experts, research institu-
tions, universities, regional and local experts and 
experts from educational or conservation organisa-
tions

Managers Local managers, and governmental institutions, e.g., 
policy makers, federal, state and local environmental 
agencies, land managers, site stewards, foresters and 
park workers

NGOs Non-governmental and non-profit organisations
Others Not specified groups as well as other groups not fitting 

the aforementioned categories, e.g., online public, 
religious leaders and practitioners, political parties, 
media, school teachers and students, unspecified resto-
ration projects

Data collected Economic Data on costs, benefits, and economic impacts of IAS
Attitudes, perceptions, values, preferences Public opinions, surveys, and stakeholder feedback on 

IAS
Behaviours linked to IAS arrival, establishment or 

spread
Human activities that contribute to the introduction and 

spread of IAS
Knowledge of IAS topics, awareness Levels of understanding and awareness of IAS among 

different social groups
IAS occurrences records of IAS sightings, distribution, and outbreaks
Other Demographic data, social network analysis, and other 

types of data not specified above
Methods Methods of communication with social groups, Questionnaire (face-to-face, mail and phone question-

naires), interview (individual as well as semi-struc-
tured interviews, in-person and via phone), partici-
pation workshop (including meetings and courses), 
campaign event (including games, simulation games, 
exhibitions, open air events, hands-on activities, 
simple experiments), dataset (including governmental 
datasets, databases, lists inventories of IAS, archival 
materials), media (normal and social media), other 
(e.g. website with information on IAS or contained 
in an email, postcards, direct observations by experts, 
field data collection, lesson plans, curricula, not speci-
fied methods)
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grouped into risk assessment and communication 
(Fig. 6).

"Other" methods were the most frequent approach 
for engaging social actors (55%) (Fig.  6) in those 
studies having a context for risk assessment; for 
example, by providing recommendations for changes 
to legislation and monitoring methods that could be 

shared with social actors and stakeholders (e.g. online 
marketplaces, pet trade associations), conservation 
organizations (Lassaline et  al. 2023), by follow-
ing deliberative multi-criteria evaluations (Liu et  al. 
2011a, b, c), or by discussing theoretical approaches 
to managing biological invasions (e.g. resist-accept-
direct, Dunham et al. (2022)).

Fig. 4   Bar plots showing the number of studies in which different social groups participated in risk assessment, management and 
communication contexts. Studies do not add up to 197 because are classified under multiple risk analysis components

Fig. 5   Data collected across studies with context relevant for risk analysis components, i.e. a risk assessment, b risk management, 
and c risk communication. See Table 3 for variables names in each of the risk categories
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The most frequently employed method was using 
questionnaires (62%) (Fig.  6) for studies on risk 
communication.

In the risk management category of studies, social 
actors were involved through almost all methods, and 
the most employed tools were questionnaires (60%) 
and “Other” methods (32%) (Fig.  6). Additionally, 
participation workshops were also used frequently in 
risk management (15%), risk communication (16%), 
and risk assessment (17%) (Fig. 6). Conversely, inter-
views were employed in 17% of the cases for risk 
management, 15% for risk assessment and 15% for 
risk communication. Campaign events and datasets 
were predominantly used as methods for involve-
ment in risk communication actions (9%), while used 
less frequently for risk management (6%) and risk 

assessment (5%) (Fig. 6). The use of media followed 
a similar trend, and relatively common method for 
risk communication (11%) but less prevalent in risk 
management (4%) (Fig. 6).

Discussion

This study investigated how the social dimensions are 
incorporated in risk analysis in the reviewed litera-
ture. In addition, it analyses how the current research 
on IAS can inform risk analysis components, with 
a focus on the social dimensions that could support 
and enhance these components. Despite the grow-
ing emphasis on stakeholders and public participa-
tion in addressing invasive alien species issues, social 

Fig. 6   Number of studies across social engagement methods and risk assessment (53 studies), management (93 studies) and commu-
nication (105 studies). The studies do not add up to 197 because they are classified under multiple risk analysis components
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involvement in risk analysis of IAS is a recent devel-
opment and still lacks a solid establishment. Out of 
the 14,740 papers we collected with a context in risk 
analysis and IAS, 197 selected studies involved social 
groups. This section discusses the trends (objective 
1) and social dimensions (objective 2) across various 
components of risk analysis, with the aim of under-
standing how the existing literature and the identified 
knowledge gaps can inform and improve risk analysis 
and future research on IAS, particularly in terms of 
integrating social dimensions into these efforts.

Trends of social dimensions across risk analysis 
components

The recognition of social dimensions in invasion sci-
ence is gaining momentum worldwide. Our study 
on 197 publications showed a progressive increase 
(Fig. 2) in integrating social dimensions in IAS study 
for mitigating potential conflicts, particularly as IAS 
management becomes more prevalent and ambitious 
(Glen et al. 2013; Russell et al. 2015).

There could be several structural reasons for hav-
ing a few scientifically documented papers com-
bining risk analysis and primary interactions at the 
social community level (Kalnicky et  al. 2014). For 
example, the lack of widely accepted standardized 
frameworks and tools for integrating risk analysis and 
social/community-level interactions creates a hin-
drance to researchers in developing and applying new 
approaches (Liu et  al. 2011a, b, c; Caceres-Escobar 
et al. 2019). Data availability and accessibility repre-
sent another issue: risk analysis often requires large 
datasets, which may not be available or accessible 
for social/community-level studies (Ellis et al. 2023; 
Chen et  al. 2024). Online media articles, predomi-
nantly from the United States, focused on risk man-
agement, highlighting the need for comprehensive 
risk analysis, which includes risk assessment, risk 
management, and risk communication. The media 
influence on public perception and the framing of 
IAS issues (Lioy et al. 2019) emphasises the impor-
tance of including diverse social perspectives in risk 
analysis to ensure that ethical, social, economic, and 
functional concerns are not overlooked (Green and 
Rohan 2012).

Geographic scope analysis indicates a general 
increase in the number of articles outside Europe 
from 2001 to 2023, while studies within the EU 

territory (our area of interest) have been growing 
since 2006, particularly in the last five years.

European authors have primarily conducted 
research within the EU, while North American and 
Oceanian authors have maintained a significant global 
presence. This leadership may correlate with broader 
patterns of trade, development, and the historical 
spread of invasive taxa and habitats. Indeed, these 
regions have been focal points for the introduction of 
IAS through centuries of global trade and economic 
development (Roy et al. 2023).

As a result, this geographic distribution of research 
reflects the socio-political contexts within which IAS 
management occurs and the need for inclusive public 
engagement to prevent and mitigate conflicts arising 
from differing values, perceptions, and preferences 
towards IAS (e.g., Ngorima and Shackleton 2019; 
García-Llorente et  al. 2008). Moreover, it raises the 
question of whether current literature is focusing pri-
marily on assessments for species and habitats where 
ex-post action can yield tangible benefits, while sug-
gesting a greater focus on risk activities towards ex-
ante measures.

The majority of articles (59%) have been pub-
lished in social science journals. For example, these 
studies (i) explored how gender, race, and risk per-
ception influence attitudes towards invasive species, 
as in the case of weed management in rural Califor-
nia (Norgaard 2007); (ii) gathered g stakeholders’ 
perspectives on the impact of invasive species (e.g. 
lionfish) and their willingness to consume them as a 
form of control (del Carmen Carrillo-Flota and Agu-
ilar-Perera 2017), (iii) used social network analysis 
to investigate the relationships between stakeholders 
involved in invasive species management and iden-
tify potential roles for communities in sustainable 
management (Omondiagbe et  al. 2017), (iv) studied 
media coverage on invasive species management to 
understand how media frame the issue and influences 
public perception. (Lioy et al. 2019), (v) used experi-
mental design to test how different risk communica-
tion strategies influence public understanding of inva-
sive species science (Warner and Kinslow 2013), and 
(vi) used an experimental design to test the effective-
ness of different message frames in promoting sup-
port for feral dog eradication (Contreras-Abarca and 
Simonetti 2023). Less than 5% of studies appeared 
in health sciences journals, thus suggesting a poten-
tial barrier to interdisciplinary knowledge exchange, 
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which is crucial for addressing the complexity of IAS 
problems (Abrahams et al. 2019). To bridge this gap, 
future research should investigate these links consid-
ering IAS impacts across different field of study, and 
possibly in an interdisciplinary way, with a view to 
establishing shared methodologies that can favour 
the inclusion of the social dimension in IAS risk 
assessment.

Research on habitat focus reveals that 49% of stud-
ies concentrated on terrestrial environments, with 
aquatic environments such as freshwater and marine 
systems being less represented (17% and 12% respec-
tively). Plants and invertebrates emerged as the most 
common IAS groups studied, with plants dominat-
ing terrestrial habitats and invertebrates and fish 
the freshwater and marine environments. This bias 
towards terrestrial studies suggests a need to increase 
research efforts in aquatic habitats, where invasive 
species have significant impacts on biodiversity and 
ecosystem services (Campbell and Hewitt 2018; Kat-
sanevakis et al. 2014).

Social actors

The involvement of social actors in risk analysis 
varies across different social groups and risk com-
ponents. Managers, scientists, citizens, and profes-
sional nature users are the most frequently involved 
in risk analysis. However, differences in methodolo-
gies adopted by risk analysts raise questions about the 
need for a standardized methodology for social actor 
inclusion in risk analysis of IAS.

Managers are essential to managing risks, and are 
often targeted in the risk assessment and management 
stage, which received the largest contribution from 
social groups in risk analysis. The significant partic-
ipation of professional nature users, such as fishers, 
tourism operators, and landowners, as well as citizens 
in risk analysis, suggests that these groups are recog-
nized as vital for controlling IAS.

The expectation that citizens’ involvement would 
be the highest in risk communication is justified, as 
increasing public awareness of IAS is key, given their 
direct impact on local communities. This, in turn, 
may generate more support for management efforts. 
Research has highlighted the importance of consider-
ing diverse perspectives, such as those of land man-
agers, indigenous groups, and local communities, in 
risk management (Norgaard 2007; Green and Rohan 

2012). For instance, a study in Switzerland found that 
increased awareness on IAS leads to greater willing-
ness to pay for intervention campaigns (Junge et  al. 
2019). Theories of conservation behaviour suggest 
that awareness of invasion threats can enhance pub-
lic endorsement and involvement in IAS manage-
ment actions (Steele and Pienaar 2021). Our findings 
call for a greater and diverse representation of social 
actors in IAS management, highlighting the impor-
tance of representation in effective decision-making. 
However, our own study categorization of social 
actors has limitations, which prevent us from drawing 
conclusions about the specific roles and concerns of 
underrepresented groups, such as women, indigenous 
communities, and low-income individuals, in IAS 
risk management. Nevertheless, the broader litera-
ture on conservation decision-making emphasizes the 
need for increased inclusion of these groups to foster 
trust and address diverse concerns (Wells et al. 2021). 
Therefore, we identify the inclusion of underrepre-
sented groups in IAS management as an area war-
ranting further attention and research, acknowledg-
ing that our data only touch on this important issue 
and that more work is needed to fully understand and 
address the complexities of representation in IAS 
management.

Communicating the risks about IAS to citizens 
is essential, but it is also important to include social 
actors in the other risk analysis components. Studies 
incorporating social actors into risk assessment have 
shown promising results, such as the integration of 
pastoral knowledge with species distribution model-
ling in Ethiopia (Luizza et al. 2016). Citizen science 
activities (i.e. using apps, workshops) can help raise 
awareness on IAS, collect data on IAS biology and 
distribution, and implement early warning (Malek 
et  al. 2018; Sladonja and Poljuha 2018). Involving 
local residents in the early stages of risk analysis can 
help assess costs and benefits of IAS, and inform 
future management actions, as shown by a study in 
South Africa on the invasive plant, Acacia dealbata 
(Ngorima and Shackleton 2019).

Risk management may benefit from direct citizen 
involvement. In South- Eastern Australia, collec-
tive actions by landcare groups mitigated weed risks 
by working on collective trust, common goals, and 
measures of progress (Graham and Rogers 2017).

Participation in both the assessment and manage-
ment of IAS is particularly significant for certain 
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citizen and indigenous groups who have concerns 
regarding environmental stewardship. A case study 
conducted in Brazil demonstrated the effectiveness 
of community engagement in establishing a manage-
ment plan for IAS removal, resulting in improved 
livelihood for local collectors and their families 
(Creed et al. 2017).

Engaging professional nature users, such as farm-
ers, fishers, tourism operators, business owners, and 
landowners is crucial because they work and rely 
on nature on a daily basis. These groups can mobi-
lize themselves as unions or lobby groups, becom-
ing a significant force in supporting or opposing IAS 
management actions. The inclusion of nature users, 
especially in the risk assessment phase, can provide 
valuable insights into IAS risks and perceptions (Vye 
et  al. 2020). Involving diverse stakeholders can give 
a broad insight into different risk perceptions, atti-
tudes, and beliefs, as demonstrated by studies in Aus-
tralia (Kokotovich and Andow 2017; Van Eeden et al. 
2020).

NGOs’ low engagement in risk communication 
may be due to the fact that they do not always publish 
scientific articles on their projects, hence it is possi-
ble that their engagement in risk communication was 
undervalued in this review.

Most information exchanges in the reviewed arti-
cles related to perceptions of IAS, with stakehold-
ers asked about their personal views and beliefs on 
IAS, invasions, and management actions. This was 
followed by knowledge and awareness on IAS, their 
risks and potential benefits, as well as biosecurity 
measures. These topics dominated the communica-
tion with all stakeholder groups, apart from recrea-
tional nature users, who were asked primarily about 
their behaviours (e.g., recreational fishers were asked 
about the adoption of invasion preventative measures 
through cleaning boating equipment).

The numerous studies focusing on people’s per-
ceptions, beliefs, and opinions on IAS topic are prom-
ising, as perceptions and beliefs of social actors are 
crucial in IAS risk analysis (Steele and Pienaar 2021; 
Kadykalo et  al. 2021). In particular, Toomey (2023) 
underlined the importance of emotion, intuition, and 
experience in people’s decision-making and how their 
understanding can help conservationists to create bet-
ter narratives for science communication.

However, information on occurrences and eco-
nomic impacts of IAS would be of high value to risk 

analysis. This could be improved by strengthening 
trust in management institutions and increasing stake-
holder participation in deliberations on IAS. Towards 
this goal, social engagement into all stages of IAS 
risk analysis should be increased and the methods of 
social involvement should be appropriately chosen.

In our review, the methods to engage stakeholders, 
although variable within and between social groups, 
showed preference towards some methods—question-
naires, participation workshops and interviews.

Naturally, each method has both advantages and 
disadvantages, and is used for different objectives and 
scales, hence may be more suitable for specific risk 
analysis components. For example, questionnaires are 
suitable for obtaining a specific target information from 
a large number of participants, they are designed to be 
unidirectional, but also reproducible and easily trans-
formed into quantitative information, and therefore used 
for risk assessment more often. Conversely, workshops 
allow for bidirectional information exchange, delibera-
tion and discussions, with a more equitable power posi-
tion of researchers and participants in the construction 
of knowledge and preferred during risk assessment and 
management stages. Moreover, evidence from behav-
ioural science shows that humans are less likely to be 
polarised and biased in their statements and more likely 
to reach logical conclusions based on evidence in group 
settings (Mercier and Sperber 2011; Sloman and Fern-
bach 2018). To this end, the participation workshop is the 
most inclusive method of involvement in our review, as 
it enables a balanced participation and representation of 
all invited social groups, and we consider that it should 
be sought whenever possible. On the other hand, inter-
views may allow researchers to gain deeper insights on 
interviewees’ opinions, but they are usually limited in 
number of participants and allow for the collection of 
less reproducible data with respect to questionnaires, and 
at an individual rather than group level as in workshops, 
hence they are less representative of the group dynam-
ics. This could be an advantage, though, in those settings 
in which social groups’ power inequalities may prevent 
some actors to express their opinion freely. Other meth-
ods, such as media and campaign events can be very 
informative, far-reaching, and might be more appropriate 
for risk communication. Nevertheless, Toomey (2023) 
emphasizes that widespread dissemination of informa-
tion does not guarantee an effective communication with 
a significant impact. Instead, communication efforts 
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should be meticulously structured and rooted around the 
best available knowledge and evidence derived from cog-
nitive science.

So far, our review has shown a differential inclu-
sion of social actors when reclassifying the studies 
according to the risk components, while providing 
insights on how their inclusion in risk assessment can 
enhance its effectiveness. Moreover, we have briefly 
discussed pros and cons of different methods, briefly 
touching on how this could be connected with power 
imbalances. Both these points pose questions related 
to equity and inclusion of social actors, particularly 
the marginalised ones.

A systematic discussion of equity issues and how 
they are connected to IAS is beyond the scope of this 
review, but we believe that addressing the few follow-
ing points can be relevant for this discussion and for 
the future development of research on IAS and their 
risk assessment.

Equity, as a social sciences concept, has gained 
attention in conservation studies as a means to 
address power imbalances (Friedman et  al. 2018; 
Dawson et al. 2021). It is a multidimensional concept 
encompassing distribution of resources, decision-
making procedures, recognition of distinct identities, 
and social context (Friedman et  al. 2018). Including 
equity in research has both instrumental reasons, such 
as increasing the effectiveness of risk assessment 
(Luizza et al. 2016; Malek et al. 2018; Sladonja and 
Poljuha 2018; Ngorima and Shackleton 2019), and 
fundamental reasons, as it is considered relevant per 
se (Friedman et al. 2018). Further research is needed, 
particularly in the procedure dimension of equity, to 
ensure that decision-making processes involve all 
relevant social actors and do not perpetuate exist-
ing power dynamics, ultimately contributing to more 
equitable conservation outcomes (Norgaard 2007; 
Ludwig et al. 2001).

Conclusion

Research on socio-cultural aspects related to IAS has 
been expanding in recent years and this study show-
cased their implementation in IAS risk analysis. In line 
with overall recognition, our review supports the idea 
that conservation science, including IAS risk analysis, 
can benefit from the contribution of social sciences. We 

discussed how selected studies have explored public per-
ceptions on IAS, reasons for obtaining public support 
to IAS management, conflicts surrounding IAS man-
agement, and strategies for engaging the public in IAS 
management. Overall, our review highlights the need 
for more studies integrating social dimensions across 
the three components of risk analysis. To this end, future 
studies should investigate the importance of representa-
tion in IAS risk analysis, with a focus on promoting a 
greater and diverse representation of social actors in con-
servation decision-making. While our current research 
highlights the need for diverse social actor involvement, 
the limitations of our categorization framework prevent 
us from drawing conclusions about the specific role of 
underrepresented groups in IAS management. How-
ever, the broader conservation literature suggests that the 
inclusion of underrepresented groups, such as indigenous 
communities and marginalized stakeholders, is a critical 
area requesting further attention. Therefore, future stud-
ies should prioritize exploring the ways in which under-
represented groups can be effectively engaged in IAS 
management and conservation decision-making, and 
examine the impacts of their inclusion on the success and 
equity of these efforts.

Challenges remain, regarding the differential 
inclusion of social actors and methods across IAS 
studies and the three risk analysis components, as 
well as on the inclusion of participatory meth-
ods and an equity framework. By acknowledging 
and addressing these challenges, future research 
can contribute to a more inclusive and equitable 
approach to IAS management, by prioritizing the 
representation and engagement of diverse social 
actors and promoting more effective and equitable 
conservation outcomes.
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